In cucumber (Cucumis sativus L.) plants, it has been reported that a high correlation existed between the evolution of ethylene from the apices and the development of female flowers. We isolated three distinct cDNA encoding 1-aminocyclopropane-l-carboxylate (ACC) synthase from cucumber. Among of these, only CS-ACS2 mRNA was detected at the apices of gynoecious cucumber in which female flowers were developing. The expression of the CS-ACS2 gene was examined in the apices of three cucumber cultivars (Rensei, Ougonmegami 2-gou and Shimoshirazu) by RNA gel blot analysis. In these cultivars, both the timing and the levels of expression of the CS-ACS2 transcript were correlated with the development of female flowers at the nodes. Furthermore, the timing of the induction of expression of the CS-ACS2 gene at the apex corresponded to that of the action of ethylene in induction of the first female flower at the apex of gynoecious cucumber plants. These results suggest that the development of female flowers might be regulated by the level of CS-ACS2 mRNA at the apex.
but such arrest occurs at different stages of floral morphogenesis in various species (Dellaporta and Calderon-Urrea 1993) . Unisexual plants are of two types: monoecious, with both male and female flowers on the same plant; and dioecious, with only male or female flowers on each plant. The application of plant hormones induces reversion or modification of sex in some species of dioecious and monoecious plants (Durand and Dur-and 1984) .
Sexual modifications induced by application of plant hormones have been studied extensively in Cucurbitaceae, most often in cucumber (Cucumissativus L.) plants. There are three type of sex expression in cucumber plants, namely, monoecious (the most common type of sex expression), gynoecious, and hermaphroditic (Malepszy and Niemirowicz-Szczytt 1991) . Monoecious plants produce male flowers at the base of the main stem, then they produce male and female flowers on the middle part, and finally female flowers are produced at the top. The gynoecious type of cucumber plant produces only female flowers. Although all floral buds that differentiate at leaf axes contain primordia of stamens and a pistil at the early stage of their development, they develop subsequently into either male or female flowers depending on the genotype and the environmental conditions under which plants are grown (Atsmon and Galun 1960) . The expression of sex is also influenced by the application of plant hormones; ethylene and auxin promote the formation of female flowers and gibberellins promote the formation of male flowers (Galun 1959, Peterson and Anhder 1960) . The relationship between the synthesis of ethylene and sex expression in cucumber plants has been studied extensively. Treatment of cucumber plants with ethephon or with gaseous ethylene promoted the development of female flowers (McMurray and Miller 1968 , Rudich et al. 1969 , Iwahori et al. 1970 ). When AgNO 3 or AVG was applied to gynoecious cucumber plants, sex expression was shifted from female to male (Beyer 1976, Atsmon and Tabbak 1979) . Furthermore, it has been reported that a strong correlation exists between the evolution of ethylene from apices and the development of female flowers on cucumber plants (Rudich et al. 1972 (Rudich et al. , 1976 .
The biosynthesis of ethylene in plants has been proposed to be primarily regulated at the level of the 1-aminocyclopropane-1-carbolylic acid (ACC) synthase (Yang and Hoffman 1984) . Many reports have shown that the ACC synthase enzyme is encoded by a multigene family and that its various members are differentially expressed in response to many factors (Huang et al. 199.1, Nakagawa et al. 1991 , Olson et al. 1991 , Liang et al. 1992 , Zarembinski and Theologis 1993 , Destefano-Beltran et al. 1995 .
The identification of the specific ACC synthase gene(s) that is involved in the development of female flowers is important to understand the role of endogenous ethylene in the molecular regulation of sex expression. In this paper, we describe the isolation of three distinct cDNAs for ACC synthase from cucumber plants and report the fact that one of these genes, CS-ACS2, expressed specifically at the apices of gynoecious cucumber and the expression of CS-ACS2 at the apices correlated with the sex expression on cucumber plants.
Materials and Methods
Plant materials-Two cultivars of monoecious cucumber (Cucumis sativus L., cv. Ougonmegami 2-gou and cv. Shimoshirazu) and one cultivar of gynoecious cucumber (Cucumis sativus L., cv. Rensei) were grown in soil-filled pots in a green house at 25°C with 12 h of light per day. The apices were cut off seedlings just below the youngest leaf at indicated stages of growth, frozen immediately in liquid nitrogen, and stored at -80°C prior to extraction of nucleic acids.
Immature green fruits of cucumber (Cucumis sativus L.) were purchased from a local market. Immature green fruits of cucumber were peeled and longitudinally cut in half, then transversely cut into 4 mm-thick slices. The slices were incubated with or without a solution of 0.5 mM IAA in 1 mM K-phosphate buffer, pH 7, at 25°C for 8 h as reported by Nakagawa et al. (1991) . The treated slices were immediately frozen in liquid nitrogen and stored at -80°C prior to extraction of nucleic acids.
Isolation ofRNA-Total RNA was extracted from the apices of cucumber seedlings and the treated slices of cucumber fruits, respectively, as described by Prescott and Martin (1987) , and then RNA was purified by precipitation in lithium chloride. Poly(A) + -RNA was isolated from the total RNA with PolyATtract® mRNA isolation system III (Promega, Inc., Madison, WI, U.S.A.).
Isolation of cDNAs for ACC synthases-To isolate ACC synthase fragments, degenerate oligonucleotide primers homologous to conserved regions of ACC synthases were synthesized. The degenerate oligonucleotides ASP-
correspond to the amino acid sequences of IQMGLAENQ and FQDYHGLP and NPSNPLGT, respectively. RT-PCR was performed with a GeneAmp RNA PCR Kit (Perkin-Elmer Japan Co. Ltd., Urayasu, Japan). ACC synthase gene fragment designated CS-ACS2 was amplified by RT-PCR using ASP-IF and ASP-IR as primers and total RNA isolated from apices of 20-day-old Ougonmegami 2-gou seedlings (the three-leaf stage). ACC synthase gene fragment designated CS-ACS3 was amplified by RT-PCR using ASP-IF and ASP-IR and total RNA isolated from auxin-treated immature cucumber fruits, then an aliquot of the primary amplification product was reamplified using ASP-2F and ASP-IR. ACC synthase gene fragment designated CS-ACS4 was amplified by RT-PCR using ASP-IF and ASP-IR and total RNA isolated from wounded immature cucumber fruits, then an aliquot of the primary amplification product was reamplified using ASP-2F and ASP-IR. The parameters for PCR were 50 cycles of heating at 94°C for 1 min, at 55°C for 2 min and at 72°C for 3 min. The product of PCR was analyzed by gel electrophoresis on a 2% agarose and recovered with a Mermaid kit (BIO 101, Inc., La Jolla, CA., U.S.A.). The recovered product was cloned into the pCR™ II vector by the method described in the TA Cloning Instruction Manual (Invitrogen, San Diego, CA., U.S.A.).
Full-length cDNA encoding CS-ACS2 was amplified by RACE method. All reactions were performed with Marathon™ cDNA Amplification Kit by the method described in the Protocol and Reference Manual (CLONTECH Laboratories, Inc., CA., U.S.A.). The cDNA was synthesized from Poly(A) + RNA isolated from apices of 20-day-old Ougonmegami 2-gou seedlings and it was ligated to the Marathon cDNA adaptor. The 5' cDNA fragment was amplified by PCR using CS-ACS2 specific primer 1 (5'-GTAAGGAGTGGGGACAAGCAAAG-3') and the adaptor primer that was supplied in the kit as primers and the adaptorligated cDNA as a template. The 3' cDNA fragment was amplified by PCR using CS-ACS2 specific primer 2 (5'-GGAAGAAAT-TAGAGGTGGAAGAGC-3') and the Adaptor primer as primers and the adaptor-ligated cDNA as a template. The parameters for PCR were 30 cycles of heating at 94°C for 30 s, at 60°C for 30 s and at 68°C for 4 min. The PCR products were cloned into the pCR™ II vector.
Sequencing of DNA-The cDNA inserts were excised with £coRI from the pCR™ II vector and subcloned into pUC19. A series of deletion mutants were prepared by exonuclease III digestion followed by blunt-end ligation. DNA sequencing was performed by the dideoxy sequencing method (Sanger et al. 1977 ) using a Taq Dye Primer Cycle Sequencing kit (Perkin-Elmer Japan Co. Ltd.) and a DNA sequencer (model 377; Perkin-Elmer Japan Co. Ltd.).
Preparation of a cDNA probe-Each of the cloned RT-PCR product was cleaved by £coRI from the pCR™ II vector that had been amplified in Escherichia coli (INVaF') and it was purified by gel electrophoresis and recovered. The cDNA was labeled with [a-32 P]dCTP by the random-priming method with a Multiprime™ DNA labelling system (Amersham International pic, Amersham, Bucks., U.K.) and used as the probe.
Genomic DNA gel blot analysis-Genomic DNA was extracted from 6-day-old etiolated cucumber hypocotyls followed by the method described previously (Okamoto et al. 1995) . Two micrograms of DNA isolated from hypocotyls of the three cucumber cultivars (cv. Rensei, Ougonmegami 2-gou and Shimoshirazu) were separately digested with the restriction endonucleases £coRV and Sad. The digests were fractionated on a 0.8% (w/v) agarose gel and transferred to a GeneScreen Plus membrane (Du Pont, Boston, MA, U.S.A.) as recommended by the manufacturer. The membrane was preincubated in 1 M NaCl, \% SDS and 10% dextran sulfate (sodium salt) at 65°C for 1 h. The denatured "P-labeled probe and denatured salmon-sperm DNA were then added to the prehybridization solution, and the membrane was incubated at 65°C for 16 h. Post-hybridization washes were performed twice successively for 5 min each in 2xSSC (1 xSSC is 0.15 M NaCl, 15 mM sodium citrate) at room temperature and once for 30 min with 2xSSC, 1% SDS at 65°C. The washed membrane was subjected to autoradiography with an intensifying screen.
Expression analysis by RT-PCR-Total RNA was isolated from the apices of 25-day-old seedlings of gynoecious cucumber (cv. Rensei). RT-PCR was performed with a GeneAmp RNA PCR Kit (Perkin-Elmer Japan Co. Ltd., Urayasu, Japan) using ASP-2F and ASP-1R as primers and 1 fig of total RNA. The parameters for PCR were 25 cycles of heating at 94°C for 1 min, at 55°C for 2 min and at 72°C for 3 min. The PCR product was analyzed by 2% agarose gel electrophoresis and blotted to a GeneScreen Plus membrane (Du Pont, Boston, MA, U.S.A.). The blots were hybridized with CS-ACS2, CS-ACS3 or CS-ACS4 probe. Hybridization conditions were the same as described above.
RNA gel blot analysis-Poly(A)
+ RNA was isolated from the apices of 10-day-old (the first leaf stage), 15-day-old (the two leaf stage), 20-day-old (the three leaf stage) and 25-day-old (the four leaf stage) of cucumber plants (cv. Rensei, Ougonmegami 2-gou and Shimoshirazu). Poly ( 670  680  690  700  710  720  730  740  750  760 770 1000  1010  1020  1030  1040  1050  1060  1070  1080  1090  1100 1110  1120  1130  1140  1150  1160  1170  1180  U90 1200 1210 A   1220  1230  1240  1250  1260  1270  1280  1290  1300  1310 
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1380 1390 1400 1410 Fig. 1 Nucleotide sequence of CS-ACS2 cDNA and its deduced amino acid sequence. The deduced amino acid residues are given in the single-letter code. The amino acid sequence corresponding to the active site of ACC synthase is underlined. The eleven boxed amino acids are the invariant residues conserved between ACC synthases and various aminotransferases.
membrane was preincubated in 1 M NaCl, 1% SDS and 10% (w/v) dextran sulfate (sodium salt) at 60°C for 1 h. The denatured 32 P-labeled probe and denatured salmon-sperm DNA were then added to the prehybridization solution, and the membrane was incubated at 60°C for 18 h. Post-hybridization washes were perform-. ed twice successively for 5 min each with 2 x SSC at room temperature and once for 30 min with 2xSSC, 1% SDS at 60°C. The washed membrane was subjected to autoradiography with an intensifying screen. Then the membranes were washed with boiling 0.01 x SSC, 0.01% SDS to dehybridize the probe and blots were rehybridized using an actin gene to ensure that equal amounts of mRNA were present in each lane.
Sex expression in flowers-To study the timing of conversion of the first female flower from the female to the male sex after treatment with AVG, we treated the apices of the seedlings (cv. Rensei) with 100 fiM AVG in 0.2% (v/v) Tween 20 for 3 days at 9, 14, and 19 days after planting, respectively. After growth of the seedlings, the sex of each flower on the first 14 nodes was then examined and classified as male or female. A node was designated male if it had at least one male flower and it was designated female if only female flowers were present on it.
Quantitation of ethylene-The apices of 15-day-old seedlings of gynoecious cucumber (cv. Rensei) were treated with or without a 100 txM AVG in a 0.2% (v/v) Tween 20 solution. The apex was treated by putting a piece of absorbent cotton that had been soaked in the appropriate solution on the apex of the cucumber plant. After application of AVG or the vehicle for 3 h, five apices were excised from plants and incubated for 2 h in a 22.5-ml vessel that was sealed with a silicon stopper. After incubation, a 2-ml sample of gas was removed from the vessel with a syringe that was inserted through the silicon stopper and the ethylene content of the sample was measured with a gas chromatograph (GL-380; GL Sciences Inc., Tokyo, Japan), which was equipped with a flame ionization detector and an alumina column. The instrument was calibrated with a standard sample of ethylene (212 /il liter" 1 ).
Results
Isolation and characterization of putative cDNAsfor ACC synthases-A set of mixed oligonucleotides was prepared by reference to the conserved amino acid sequence found in ACC synthases (Dong et al. 1991 , Nakagawa et al. 1991 , Kende 1993 . A cDNA fragment for ACC synthase was amplified by RT-PCR with the mixed oligonucleotides and total RNA isolated from apices of 20-day-old seedlings of monoecious cucumber plants (Cucumis sativus L. cv. Ougonmegami 2-gou). The resultant amplified DNA (491 
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Fig. 2 Nucleotide sequences of CS-ACS3 (A) and CS-ACS4 (B) cDNAs and their deduced amino acid sequences.
The deduced amino acid residues are given in the single-letter code. The amino acid sequences that are conserved in ACC synthases are underlined.
bp) was isolated, subcloned and sequenced. A homology search revealed that this sequence exhibited strong homology to sequences of previously reported ACC synthases both at the nucleotide and the amino acid level. Therefore, the gene was designated CS-ACS2. The full length clone encoding CS-ACS2 was isolated by RACE method. Figure 1 shows a complete nucleotide sequence of the cloned cDNA and the amino acid sequence deduced from the nucleotide sequence. The CS-ACS 2 sequence is 1,688 bp and contains an open reading frame of 445 amino acid with a calculated molecular mass of 50 kDa. The protein shares the invariant 11 residues conserved between ACC synthases and various aminotransferases (Fig. 1) . The dodecapeptide sequence of the active site is also present (Fig. 1) . The amino acid sequence deduced from CS-ACS2 exhibited a high degree of homology (78% identity) to that encoded by the gene (ST-ACS2) for ACC synthase from potato (Destefano-Beltran et al. 1995).
We also have cloned two other putative cDNA fragments that encode ACC synthases (Fig. 2) . CS-ACS3 was amplified by RT-PCR with the mixed oligonucleotides and total RNA isolated from auxin-treated immature cucumber fruit and the deduced amino acid sequence showed a significant homology (95% identity) to the auxin-induced winter squash CM-ACS2 polypeptide (Nakagawa et al. 1991) . CS-ACS4 was amplified by RT-PCR with the mixed oligonucleotides and total RNA isolated from wounded immature cucumber fruit and the deduced amino acid sequence showed a significant homology (87% identity) to the wound-in- 
Fig. 3 RT-PCR analysis of expression of CS-ACS2, CS-ACS3
and CS-ACS4 on total RNA from apices of 25-day-old plants of gynoecious cucumber (cv. Rensei). The PCR reaction was conducted using primers ASP-2F and ASP-IR under the following conditions: 25 cycles of 94 C C, 1 min; 55°C, 2 min; 72°C, 3 min. RT-PCR product was separated on an agarose gel, transferred to a nylon membrane, and allowed to hybridize with the CS-ACS2 probe, CS-ACS3 and CS-ACS4. duced winter squash CM-ACS1 polypeptide (Nakajima et al. 1991) . The identities of the nucleotide sequence of the CS-ACS2 to the CS-ACS3 and CS-ACS4 were 67% and 64%, respectively. Figure 3 presents a result of DNA blot analysis of a RT-PCR reaction on total RNA isolated from apices of 25-day-old seedlings (the four leaf stage) of gynoecious cucumber (cv. Rensei). The sex of the first female flower was already determined in Rensei at this stage. Since only CS-ACS2 mRNA transcript was detected at the apices of gynoecious cucumber (Fig. 3) , more detail expression analysis was examined about CS-ACS2. Figure 4 shows the patterns of sex expression in flowers of the three cucumber cultivars, Rensei, Ougonmegami 2-gou and Shimoshirazu. Rensei is a gynoecious cucumber cultivar and it formed female flowers on every node examined. Although Ougonmegami 2-gou and Shimoshirazu are monoecious, plants of the two cultivars formed female flowers on different parts of the stems. The first female flowers were formed earlier on Ougonmegami 2-gou than on Shimoshirazu.
Time course of the expression of CS-ACS2 gene at the apex-
The number of genes that corresponded to CS-ACS2 in three cucumber cultivars (cv. Rensei, Ougonmegami 2-gou and Shimoshirazu) was estimated by genomic DNA gel blot analysis (Fig. 5) . When the CS-ACS2 probe was allowed to hybridize to EcoKV or Sad restriction fragments, two bands were observed in the case of EcoKV fragments and a single band was observed in the case of Sad fragments from all three cultivars. Figure 6 shows the time course of the expression of CS-ACS2 transcripts in the apices of the three cultivars. Although the CS-ACS2 transcript was not detectable at the apices of 10-day-old Rensei seedlings, it was detected at the apices of 15-day-old plants and its level increased up to 25 days after planting. In the case of Ougonmegami 2-gou, the transcript was detected at the apices of 20-day-old plants and the level was lower in 25-day-old plants. The transcript was barely detectable only at the apices of 25-day-old Shimoshirazu plants. These results indicated that the levels of the synthesis of CS-ACS2 transcripts at the apex were correlated with the formation of female flowers on the stems of the three cucumber cultivars (Fig. 4) .
Timing of sex conversion of the first flower from female to male by A VG-The apices of gynoecious plants (Rensei) were treated with a solution of AVG at various stages of growth. As shown in Figure 7 , no male flowers were induced on plants that were treated with AVG at 9 days after planting, as was the case with control plants. When the apices of 14-day-old plants were treated with AVG, male flowers were induced on lower nodes including the first flower. The application of AVG to the apices of 19-day-old plants failed to change the sex of flowers on lower nodes but the plants produced male flowers on higher nodes as compared to the plants that were treated with AVG at 14 days after planting. These results indicate that the sex of flower buds of lower nodes at the apices of 19-day-old plants was already determined and that of flower buds of higher nodes differentiating at the apices was not determined yet and could be changed by the treatment of AVG.
To examine the effect of AVG on the production of ethylene, the amount of ethylene evolved from the apices was measured using apices cut from Rensei seedlings that had been treated with or without AVG for 3 h. As shown in Table 1 , the rate of ethylene production by control apices was 1.36 nl g~' h~', and that by apices treated with AVG was 0.17 nl g" 1 h~'. These results showed that inhibition of ethylene production from AVG-treated apices was correlated with the changes of female flowers to male flowers on the first six to eight nodes (Fig. 7) .
Discussion
In cucumber plants, it has been suggested that sex expression in flowers is regulated, at least in part, by levels of ethylene at the apex. Rudich et al. (1972 Rudich et al. ( , 1976 reported that a high correlation existed between the evolution of ethylene from apices and the formation of female flowers. In addition, it was reported that the activity of ACC synthase at the apex was higher in gynoecious plants than in monoecious plants (Trebitsh et al. 1987) . Inhibitors of ethylene action and biosynthesis suppress female flower development (Beyer 1976, Atsmon and Tabbak 1979) .
In the present report, we have isolated a cDNA for an ACC synthase from the apices of seedlings of monoecious cucumber (cv. Ougonmegami 2-gou). The sequence of isolated cDNA, designated CS-ACS2, was different from those of cDNA fragments for CS-ACS3 and CS-ACS4 iso- The apices of 15-day-old cucumber plants (cv. Rensei) were treated with (AVG) or without (control) 100/iM AVG for 3 h. After the treatment, 5 apices were excised from plants and placed in a gas-tight vessel for 2 h. Results for 5 groups of 5 plants (±SE) are given.
lated from auxin-treated and cut-injured cucumber tissues, respectively ( Fig. 1, 2) . Although, the expression of CS-ACS3 and CS-ACS4 was not detected, CS-ACS2 mRNA transcript was detected at the apices of 25-day-old gynoecious cucumber (Fig. 3) .
We examined the time course of the expression of the CS-ACS2 transcript at the apices of three cucumber cultivars, namely, Shimoshirazu, Ougonmegami 2-gou and Rensei, with different patterns of sex expression in flowers (Fig. 4, 6 ). The results of genomic DNA gel blot analysis (Fig. 5) suggested that the gene that corresponded to CS-ACS2 was present as a single or two copy in the genome of all cultivars examined, although interpretation of the data was complicated by the presence of introns. The levels of CS-ACS2 mRNA at the apices of all cultivars seemed to be developmentally regulated. The CS-ACS2 transcript was not detected at the apices at the early stages of development but its synthesis was induced at a later stage. The timing of
Rensei
Ougonmegami temporal regulation depended on the cultivar. Our results showed that both the timing and the levels of expression of the CS-ACS2 transcript at the apices of the three cucumber cultivars were correlated with the development of female flowers on the nodes (Fig. 4, 6 ). Rudich et al. (1976) reported that the rate of evolution of ethylene from apices of gynoecious cucumber plants increased dramatically from 8 to 24 days after germination while the increase in the rate of evolution of ethylene was observed in monoecious cucumber only after 21 days of growth. The patterns of expression of the CS-ACS2 gene at the apices of cucumber plants resembled these patterns of evolution of ethylene. The treatment of apices of gynoecious cucumber plants (cv. Rensei) with AVG, an inhibitor of ACC synthase (Adams and Yang 1979, Boiler et al. 1979) , caused a decrease in ethylene production at the apices and plants treated with AVG produced male flowers instead of female flowers (Table 1 , Fig. 7 ). As shown in Figure 7 , we demonstrated that the conversion of female flowers to male flowers at the lower nodes was caused by the application of AVG for 3 days to apices of 14-day-old gynoecious plants (Rensei). This result suggests that endogenous ethylene acts on floral buds that are differentiating at the apex to form female flowers at this stage of growth. In fact, as shown in Figure 6 , the CS-ACS2 transcript was induced at the apices of the seedlings (Rensei) 15 days after planting. The timing of the action of ethylene on the formation of female flowers coincided with the timing of induction of the CS-ACS2 transcript at the apex. These results suggest the ACC synthase encoded by CS-ACS2 is potentially involved in regulation of the development of female flowers at the transcript level at the apex. Although the CS-ACS2 transcript was detected at the apices of 20-day-old plants of Ougonmegami 2-gou, they formed both male and female flowers. The reason for this discrepancy may be explained by a hypothesis that the CS-ACS2 transcript is expressed only in limited floral buds and the buds affected by ethylene formed will develop into female flowers in the future. An alternative explanation may be that ethylene promotes the formation of female flowers only when it is produced above a threshold level in the apices. It was proposed that sexuality of individual plants in cucumber is determined mainly by three major genes, name-. ly, F, m and a. (Pierce and Wehner 1990) . A line that is dominant for F has a higher degree of female sex expression than an isogenic line that is recessive for this gene. Recently, Trebitsh et al. (1997) reported the identification of an ACC synthase genomic sequence in cucumber (CS-ACS1) that is auxin-inducible in both monoecious and gynoecious cucumber apices. Monoecious cucumber possesses a single copy of this gene, whereas gynoecious lines possess at least one additional copy (CS-ACS1G) and the CS-ACS1G gene is closely linked to the F locus (Trebish et al. 1997) . They proposed a hypothesis that in cucumber an internal developmental signal, either directly or via auxin, induces expression of CS-ACS1G, which, in tum, induces ethylene production. However, they did not show the expression of CS-ACS1G at intact shoot apices of gynoecious cucumber and the difference of the expression of CS-ACS1 between the monoecious and the gynoecious. They also reported that the CS-ACS1 is most closely related to the winter squash CM-ACS2 polypeptide (93% identity, Nakagawa et al. 1991) . As the CS-ACS3 showed a significant homology (95% identity) to the CM-ACS2 polypeptide (Fig. 2) , the CS-ACS3 is considered to be highly homologous to the CS-ACS1 and CS-ACS1G. However, the CS-ACS3 transcript was not detected at the apices of gynoecious cucumber (Fig. 3) . Furthermore, CS-ACS1 transcript was detected at the apices only when the monoecious cucumber plants were treated with auxin and no message was detected in the intact apices of monoecious line which formed female flowers. From these results we consider that CS-ACS1G dose not correspond to the F locus itself and the expression of CS-ACS1 is not involved in the formation of female flowers in monoecious cucumber plants, although more detailed experiments are needed. We could not examine the correlation between their CS-ACS1G and our CS-ACS2 because the sequence data of CS-ACS1G was not shown.
